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Abstract

Azo dyestuff-congo red in aqueous solution can be degraded rapidly under microwave irradiation in the presence of activated carbon powder.
The results showed that the degradation ratio could reach 87.79% for 25 mL total volume with 50 mg/L congo red and 2.0 g/L activated carbon
powder under 1.5 min microwave irradiation. Furthermore, within the same irradiation time, congo red could be degraded fully by increasing
addition amount (e.g. 3.6 g/L) of activated carbon powder and the degradation ratio was up to 96.49%. Otherwise, with the same addition amount,
congo red also could be degraded completely by prolonging irradiation time (e.g. 2.5 min) and the degradation ratio was up to 97.88%. In addition,
the influences of microwave irradiation time, initial concentration of congo red, addition amount and used times of activated carbon powder as well
as solution acidity on the degradation were discussed in details adopting UV-vis spectra, FI-IR spectra, ion chromatography, high phase liquid
chromatography (HPLC) and TOC analysis technologies. Here, the method using activated carbon powder as catalyst under microwave irradiation
shows many advantages including high degradation ratios, short reaction time, low costs, no intermediates and no secondary pollution. Therefore,

it may be fit for dealing with various azo dyestuff wastewaters on a large scale.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In general, the treatment of various dye wastewaters has been
regarded to be one of the main aims in controlling environmen-
tal pollution all over the world [1,2]. Since most of organic dye
compounds ordinarily contain benzene and naphthalene rings,
they cannot be decomposed easily by conventional biological
and chemical methods [3-7]. In particular, as well known, ear-
lier studies showed that the biological method was carried out
under the strict conditions [8,9]. And as one of popular chem-
ical methods, the photocatalytic degradation generally needs
long irradiation time and displays halfway degradation [10,11].
Furthermore, sometimes some intermediates such as benzene
and aniline derivatives, which are considered to be mutagen,
mitotic poisons and suspected carcinogens, may form during
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degradation process of the organic pollutants in dye wastewater
[12,13]. Therefore, it is urgent to seek for the novel tech-
nologies to degrade various organic pollutants effectively and
completely.

Recent years, there have been some reports with respect to
wastewater treatment using microwave-assisted approaches. For
example, the wet air oxidation on the activated carbon under
microwave irradiation was used in treating phenolic wastewater
[14]; the continuous flow mode on the activated carbon fixed
bed was used for microwave-assisted degradation of concen-
trated p-nitrophenol [15]; the microwave irradiation was used
for enhancing a series of advanced oxidation processes in the
degradation of 4-chlorophenol [16]. Hence, the application of
microwave technology has been attached more and more impor-
tance to treating environmental pollutants.

The frequency range of microwave, a kind of electromag-
netic wave, is from 300 MHz to 300 GHz, that is, the wavelength
lies between 1.0 mm and 1.0m. And it has very strong pene-
trating ability in many media. The microwave irradiation can
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make the polar molecules in solution rotate fleetly, which brings
obvious heat effects. At the same time, it can further change
the thermodynamics function and reduce the activation energy
of the reaction system, and weaken the chemical bond inten-
sities of various molecules [17]. Moreover, the existence of
microwave absorbent can increase these effects. Therefore, the
technology of microwave irradiation integrated with some suit-
able microwave absorbents as catalysts should be even more
suitable for treating dye wastewaters.

As well known, the role of the activated carbon powder
may be demonstrated in two aspects, namely, adsorbent and
microwave absorbent [18-20]. As adsorbent the activated car-
bon powder can remove many organic and inorganic pollutants
from solution. As microwave absorbent, the activated carbon
powder can strongly absorb microwave energy. Due to the non-
uniformity, the “hot spots” on the surface of activated carbon
particles may be generated, where the temperatures are out and
away higher than those of other positions, and chemical reactions
may take place easily.

In this study, the microwave technology reported previously
was improved and simplied, and a rapid and simple method treat-
ing dye wastewater was presented. Here, the azo dyestuff-congo
red, because of representability and easy monitoring, as a model
compound under microwave irradiation in the presence of acti-
vated carbon powder as microwave absorbent was investigated in
details. The influences of irradiation time, initial concentration
of congo red, the addition amount of activated carbon powder
and solution acidity on the degradation were discussed, respec-
tively. This technology revealed many advantages such as high
degradation ratio, short irradiation time, simple equipments, low
costs, no intermediates and no secondary-pollution, so the good
and extensive application foregrounds were revealed.

2. Experimental
2.1. Materials

Congo red (Analysis purity, Shanghai Chemistry Reagent
Corporation, China) was purchased, and its structure is shown
in Plate 1. The granular activated carbon (GAC) (Liaoning Med-
ical Company, China) was used as a catalyst. It was made from
coal, with ash content 3—5%, particle size 2-3 mm, surface area
1300 m?/g and average pore diameter 2—3 nm. Water purified by
a Milli-Q water system (Millipore Company, USA) was used
throughout the experiment.

NH;
N=N

SO3Na

2.2. Apparatus

Cary-50 UV-vis spectrometer (Varian Company, USA), ICS-
90 ion chromatography apparatus (Dionex Company, USA),
Pro-210 high phase liquid chromatography (HPLC) apparatus
(Varian Company, USA), Nicolet Avatar 330 Fourier trans-
form infrared (FT-IR) spectrometer (Nicolet Company, USA)
and Liqui TOC apparatus (Elementar Analysensysteme GmbH
Company, Germany) were used to inspect the degradation pro-
cesses of congo red. G8023ESL-V8 controllable microwave
oven (Guangdong Galanz Company, China) was adopted to
irradiate the congo red solutions, operating at microwave fre-
quency of 2450 MHz and output power of 800 W. pHS-3C pH
meter (Shanghai Leici Company, China) was used to determine
acidities of the congo red solutions.

2.3. Pretreatment of activated carbon powder

For high catalytic activity, firstly, GAC were properly tritu-
rated and sifted out using 100 mesh sieve, and then the powdery
activated carbon (PAC) was obtained. 10.00 g activated carbon
powder was weighted and put into 100 mL deionized water, then,
boiled for 30 min. After cooling to the room temperature, the
activated carbon powder was filtered out. This operation proce-
dure was repeated three times. Afterwards, the activated carbon
powder was dried at 105 °C for about 6.0 h to constant weight
and stored in a desiccator for use. It is noticeable that the gran-
ularity of activated carbon powder should not be excessively
small for easy separation and high catalytic activity.

2.4. Experimental method

The 25 mL prepared congo red solution (50 mg/L) and treated
activated carbon powder (2.0 g/L) were putinto a self-made glass
reactor. As shown in Plate 2, in order to prevent volatilization of
the solvent a condenser was jointed on the glass reactor. After-
wards, the apparatus was installed in the microwave oven. The
pH value of the suspension was adjusted to 8.0. The microwave
was utilized to irradiate this suspension. After 1.5min, the
UV-vis spectra of filtered congo red solution (diluted by five
times) were determined in the wavelength range from 190 to
800 nm. In order to compare the degradation effects, the UV-vis
spectra of the treated congo red solutions by one-fold microwave
irradiation and one-fold activated carbon powder, respectively,
were also given in Fig. 1. The maximal absorbencies of
0—40 mg/L congo red solutions abide by Lambert-Beer’s law.

NH;
N=

SO3Na

Plate 1. Structure of congo red molecule.
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Plate 2. Schematic illustration of experimental apparatus: (1) microwave gener-
ator; (2) reaction solution; (3) activated carbon powder; (4) condenser; (5) time
display; (6) time adjuster; (7) power adjuster.

The calibration curve (A=0.04022C (mg/L), R?=0.9961) of
standard congo red solution was used to estimate the degradation
ratio. The degradation ratio was calculated by the follow-
ing equation: degradation ratio (%)= [(Co — C;)/Co] x 100%,
where C( represents the initial concentration, C; represents the
instant concentration. Table 1 gives the reduction ratios (%) of
the absorption peaks of congo red solution at different character-
istic wavelength. The degradation ratio of congo red at intervals
of 0.5 min within 2.5 min was shown in Fig. 2. The relation of
—In(C;/Cp) and irradiation time (¢) was shown in Fig. 3, which
can infer the kinetics of degradation reaction.

For further validating degradation of congo red in aqueous
solution, the ionic chromatogram and HPLC were determined
as shown in Figs. 4 and 5, respectively. During determination
of ionic chromatogram, the initial concentration of 50 mg/L
congo red and irradiation time of 0.5, 1.5 and 2.5 min were
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Fig. 1. UV-vis spectra of congo red solution under different conditions:

(a) original solution; (b) one-fold microwave; (c) activated carbon; (d)
microwave + activated carbon.
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Table 1
Reduction ratio (%) of various absorption peaks of congo red?

Reduction ratio (%) A (499nm) B (345nm) C (236nm) Average (%)

Original solution (a) 0 0 0 0

One-fold microwave (b) 2.92 2.65 2.31 2.63

Activated carbon (c) 26.56 26.49 28.38 27.14

Microwave +activated ~ 89.15 87.42 86.79 87.79
carbon (d)

2 For microwave irradiation the reduction ratio is equal to degradation ratio;
for activated carbon the reduction ratio is equal to adsorption ratio.
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Fig. 2. Influence of irradiation time on degradation ratio: (A) microwave
+activated carbon (499 nm); (#) microwave + activated carbon (345 nm); (H)
microwave + activated carbon (237 nm); (@) one-fold activated carbon (499 nm);
(Q) one-fold microwave (499 nm).

adopted. The other conditions were as follows: AS9-HC column
(250 mm x 4 mm i.d.), 9.0 mmol/L NaCO3 eluent, 1.0 mL/min
flow rate and conductivity detector. For the determination of
HPLC, the initial concentration of 200 mg/L and irradiation time

4.00
3.50 1
3.00 4
2.50 4
2.00
1.50 4
1.00 4
0.50 -
0.00

-0.50 T T T T T T T T T T 1
0.0 0.5 Lo 1.5 2.0 2.5
Irradation time (min)

In (C¢/ Co)

Fig. 3. Kinetics of degradation reaction of congo red (at 499nm): (A)
microwave + activated carbon; (@) only activated carbon; () only microwave.
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Fig. 4. Ion chromatogram of congo red solution during degradation: (a) 0.5 min;
(b) 1.5 min; (¢) 2.5 min.

of 1.0, 2.0 and 3.0 min were adopted. The other conditions were
as follows: C18 (250 mm x 4.6 mm i.d.) reverse phase column,
0.3:0.7-1.0:0.0 proportion of ethanol and water, 1.0 mL/min
flow rate and UV detector (at 236 nm wavelength). Otherwise,
total organic carbon (TOC) values of treated solution were also
determined. For 50 mg/L congo red solution, the irradiation time
of 1.5 and 2.5 min were adopted. The carrier gas was oxygen
of 0.95-1.00bar. The other conditions were as follows: max
temperature 850 °C, 200 mL/min flow rate and IR detector.
The influences of the initial concentrations (10-90 mg/L) of
congo red solution, addition amounts (0-3.6 g/L) of activated
carbon powder, and initial pH (4.0—12.0) of the solution on the
degradation were reviewed, respectively, in this work. These
results were showed in Figs. 7-9, respectively. In addition, in
order to validate that all congo red in aqueous solution were
degraded under microwave irradiation catalyzed by activated
carbon powder, FT-IR spectra of used activated carbon powder
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were determined in the wavelength range from 400 to 4000 cm ™!
as shown in Fig. 6. For comparison, the FT-IR spectrum of the
original congo red was also given in Fig. 6. At last, for reviewing
the catalytic activities of reused activated carbon powder the
degradation of congo red within 1.5 min irradiation were also
investigated and the results were shown in Fig. 10. All confirmed
conditions were used throughout experiment if there was not
special demonstration.

3. Results and discussion

3.1. UV—vis spectra of congo red solution during
degradation

Fig. 1 shows that the congo red solution gives three absorption
peaks at 499 nm (A), 345 nm (B) and 236 nm (C), respectively,
in UV-vis spectra. At the beginning, it could be found that
all absorption peaks went down slightly even under one-fold
microwave irradiation in the absence of any catalyst, which indi-
cated that only a little of congo red could be degraded. And
when one-fold activated carbon powder existed, all absorption
peaks also went down to a certain extent synchronously. It indi-
cated that the activated carbon powder could adsorb some congo
red dyes in a way, but the most still left over in the solution
except adsorbed congo red. Nevertheless, all absorption peaks
of congo red solution fell to a large extent with a bit shift under
microwave irradiation in the presence of activated carbon pow-
der. It could also be seen from Fig. 1 that the reduction ratio
of absorption peak (C) belonging to the naphthalene rings of
congo red was only 2.31% within 1.5 min microwave irradi-
ation, which meaned that it was difficult for the naphthalene
rings to degrade only under microwave irradiation without any
catalyst. However, the reduction ratio of absorption peak (C)
could reach 86.79% in the presence of activated carbon powder
under microwave irradiation within the same irradiation time.
So great reduction ratio indicated that the naphthalene rings of
congo red could be degraded easily in the presence of activated
carbon powder under microwave irradiation.
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Fig. 5. HPLC of congo red solution during degradation (at 236 nm): (a) 1.0 min; (b) 2.0 min; (c) 3.0 min.



Z. Zhang et al. / Journal of Hazardous Materials 147 (2007) 325-333 329

100 ]
90
80 ]
70
60
50 ¢
40

Transmittance (%)

30
20
10
-101—

4000 3500 3000 2500

2000 1500 1000 500

Wavenumbers (cm™)

Fig. 6. FT-IR spectra of congo red at different conditions: (a) original congo red; (b) congo red adsorbed on activated carbon; (c) 3.0 min microwave irradiation; (d)

5.0 min microwave irradiation.

All results reveal that the activated carbon powder has
obvious catalytic activity for degradation of congo red under
microwave irradiation. Hence, it is known that the activated
carbon powder mainly displays strong catalytic activity under
microwave radiation except its adsorption ability. The research
results show the degradation process in the presence of activated
carbon powder with microwave irradiation is different from that
of photocatalytic degradation through *OH radical [21,22]. On
the one hand, in general, the photocatalytic degradation needs
long irradiation time, while the microwave degradation with acti-
vated carbon powder occurs rapidly, and it needs only several
minutes. On the other hand, a number of intermediate products
were usually formed during photocatalytic degradation. Con-
trarily, there are few intermediate products under microwave
radiation in the presence of activated carbon powder. It indi-
cates that whole congo red molecule can burn adequately and
then be eliminated thoroughly from solution once it touches the
“hot spots” on the surface of activated carbon particles.

3.2. Influence of irradiation time on degradation ratio and
reaction kinetics

As shown in Fig. 2, the change of degradation ratio with
irradiation time was reviewed for 25 mL suspension of 50 mg/L
congo red and 2.0 g/L activated carbon powder. The case under
one-fold microwave irradiation was also considered. It could
be observed that the degradation ratio increased rapidly with
increasing irradiation time in the presence of activated carbon
powder. And the degradation ratios calculated based on three
absorption peaks (A, B and C) reached 97.88%, 95.55% and
92.90%, respectively, under 2.5 min microwave irradiation. It
could be known that, under such conditions, the congo red
was degraded remarkably. Nevertheless, for one-fold microwave
irradiation the average degradation ratio corresponding to three
absorption peaks (A, B and C) was only 3.70%. Of course, the
activated carbon powder can adsorb a part of congo red from
solution too, but the saturated adsorption ratio was not higher

than 27.20%. As shown in Table 1, the degradation ratio under
microwave irradiation in the presence of activated carbon pow-
der was much higher than the sum of degradation ratio from
one-fold microwave irradiation and the adsorption ratio from
one-fold activated carbon powder. These results indicate that
the reduction of congo red mainly results from the combined
function of microwave irradiation and activated carbon powder,
but not a simple addition of both.

The studies on the reaction kinetics of three courses were
also carried out and the results were shown in Fig. 3. It
was found that the degradation reaction of congo red under
microwave irradiation in the presence of activated carbon pow-
der basically belonged to first-order reaction kinetics. Its rate
constant (1.5138 min~!) was far beyond those (0.1213 and
0.0296 min~!) corresponding to the degradation reaction of
one-fold microwave irradiation and the adsorption process of
one-fold activated carbon powder, respectively, which also
belonged to first-order reaction kinetics.

In addition, the calculated reduction ratios according to the
determination of TOC values were 73.71% and 86.13%, respec-
tively, under 1.5 and 2.5min microwave irradiation. These
results also demonstrated that the congo red in the treated solu-
tion could mostly be degraded under microwave irradiation in
the presence of activated carbon powder.

3.3. Ionic chromatogram and HPLC of congo red solution
during degradation

In order to confirm the degradation extent of congo red and
the formation of intermediate products during degradation, the
ionic chromatogram and HPLC were also determined, respec-
tively, at different irradiation time. The results were shown in
Figs. 4 and 5, respectively. It could be observed in Fig. 4 that
the ionic chromatographic peaks corresponding to NO3~ and
SO4%~ anions gradually increased along with microwave irradi-
ation, while the peak corresponding to NO, ™ anion continually
decreased. All of these results indicated that the C—S, C—N and



330 Z. Zhang et al. / Journal of Hazardous Materials 147 (2007) 325-333

azo bonds in the congo red molecule were destroyed gradually.
The sulfur and nitrogen atoms were oxidized and transferred into
NO,~, NO3™ and SO42~ anions, respectively, but the NO,™
anion finally was oxidized to the NO3 ™ anion. This was the rea-
son why the peak corresponding to NO, ™ anion decreased. By
all means, the congo red in aqueous solution could be mineral-
ized to a series of simple and innocuous inorganic ions in the end
under microwave irradiation in the presence of activated carbon
powder.

Additionally, it was showed in Fig. 5 that the matrix peak
of the congo red molecule at 10.847 min retention time min-
ished little by little with microwave irradiation. It meaned the
naphthalene rings of congo red were destroyed by degrees,
and then disappeared at last. Otherwise, a new peak appeared
at 12.257 min retention time under 1.0 min microwave irra-
diation, which indicated a small quantity of intermediate
products formed. But it disappeared immediately under 3.0 min
microwave irradiation. The results demonstrated that the congo
red and its intermediate products in aqueous solution could be
degraded thoroughly after 3.0 min microwave irradiation in the
presence of activated carbon powder, though intermediate prod-
ucts once formed during the degradation.

3.4. FT-IR spectra of congo red on the surface of activated
carbon powder

To review the degradation behave of congo red on the sur-
face of activated carbon particles, the FT-IR spectra of the used
activated carbon powder was determined as shown in Fig. 6. It
could be seen clearly that some characteristic absorption peaks
of congo red appeared in Fig. 6b, which indicated that a mass
of congo red was adsorbed on the surface of activated carbon
particles. According to the decrease of characteristic absorption
peaks in Fig. 6c, it was known that the amount of congo red
adsorbed on the surface of activated carbon particles reduced
under 3.0 min microwave irradiation. After 5.0 min, the char-
acteristic absorption peaks of congo red disappeared almost in
Fig. 6d, which indicated that most of congo red dyes on the
surface of activated carbon were degraded or desorbed. Based
on the analysis of UV-vis spectra and TOC values mentioned
above, not only the congo red dyes adsorbed on the surface of
activated carbon were degraded under microwave irradiation, but
also those in the solution were done. Perhaps, the congo red in
the solutions may firstly be adsorbed on the surface of activated
carbon particles, and then, they are immediately degraded under
microwave irradiation. And it cannot only rest on the adsorbed
stage.

3.5. Influence of initial concentration on the degradation
ratio

A series of congo red solutions with different initial con-
centrations ranging from 10 to 90 mg/L were used for studying
the influence on the degradation ratio within 1.5 min microwave
irradiation. As shown in Fig. 7, the degradation ratio under
microwave irradiation in presence of activated carbon powder
maintained above 96% before 30 mg/L concentration. And then
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Fig. 7. Influence of initial concentration of congo red on degradation ratio (at
499 nm): (A) microwave + activated carbon; (@) one-fold activated carbon; (O)
one-fold microwave.

it decreased gradually with increasing concentration. However,
the adsorption ratio in the presence of one-fold activated car-
bon powder decreased all through. It means that the adsorption
ability of activated carbon powder is limited for congo red.
Otherwise, for one-fold microwave irradiation the degradation
ratio of congo red was very low throughout the experimental
concentration range.

These results revealed that the elimination effects under
microwave irradiation in presence of activated carbon powder
were much better than those of both one-fold microwave irra-
diation and one-fold activated carbon powder. It was proved
again that the degradation of congo red mainly resulted from the
combined action of microwave irradiation and activated carbon
powder, but not a simple addition of the degradation of one-fold
microwave irradiation and the adsorption of one-fold activated
carbon. In addition, for high concentrated congo red solution
(above 50 mg/L) the activated carbon powder also exhibited rel-
atively high catalytic activity under microwave irradiation. Only
when the concentration of congo red increased continuously,
the catalytic activity of activated carbon powder decreased a lit-
tle. Of course, it was obvious that the low initial concentration
was benefit for degradation of congo red. For a large number of
congo red molecules the catalytic degradation ability of activated
carbon powder became relatively low.

3.6. Influence of addition amount of activated carbon
powder on the degradation ratio

In general, the addition amount of catalyst is a very impor-
tant parameter in treating wastewater for both photocatalytic and
sonocatalytic degradations [23-25]. Similarly, in order to opti-
mize the addition amount of activated carbon powder as catalyst
for high degradation ratio, the influences of different addition
amount from 0.4 to 3.6 g/L were also considered. As shown in
Fig. 8, the degradation ratio of congo red showed a rapid increas-
ing trend before addition amount of 2.0 g/L activated carbon
powder, and then went up slowly. This phenomenon could be
explained as the mutual screen among activated carbon particles
for high addition amount. The degradation ratio could be up to
96.49% for 3.6 g/L addition amount of activated carbon under



Z. Zhang et al. / Journal of Hazardous Materials 147 (2007) 325-333 331

100+

80+

60+

40

Degradation ratio (%)

20+

E

0 T T T T T T T T 1
00 04 08 12 16 20 24 28 32 36
Addition amount (g/L)

Fig. 8. Influence of addition amount of activated carbon powder on degrada-
tion ratio (at 499 nm): (A) microwave + activated carbon; (@) one-fold activated
carbon.

1.5 min microwave irradiation. It could also be seen that the
adsorption ratio became high with increasing addition amount
of activated carbon powder, but the increasing extent was small
and it was only 35.66%. The above results testified again that
the decrease of congo red in aqueous solution was mainly owing
to the degradation under microwave irradiation in the presence
of activated carbon powder.

3.7. Influence of acidity on the degradation ratio

The influences of acidities on the degradation of congo red
were studied in the range between pH 4.0 and pH 12.0. The
results were shown in Fig. 9. It was found that the degrada-
tion ratio of congo red under 1.5 min microwave irradiation
in the presence of activated carbon powder changed scarcely
and maintained a high level from pH 4.0 to pH 8.0, and then
fell slightly after pH 8.0. Afterwards, it began to go up some-
what after pH 10.0 again. The similar change regulars were also
observed for the adsorption of one-fold activated carbon powder
and the degradation of one-fold microwave irradiation. In any
case, the degradation ratio of congo red under microwave irradi-
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Fig. 9. Influence of pH value on degradation ratio (at 499nm): (A)
microwave + activated carbon; (@) one-fold activated carbon; (O) one-fold
microwave.
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Fig. 10. Influence of reused times on degradation ratio (at 499 nm).

ation in the presence of activated carbon powder was obviously
higher than the adsorption ratio of one-fold activated carbon and
degradation ratio of one-fold microwave irradiation.

In general, the acidity can influence the distribution and quan-
tity of the charges on the surface of activated carbon particles.
When the pH value is lower than isoelectric point (pH 6.38)
of activated carbon, its surface is positively charged, whereas
its surface is negatively charged when the pH values is higher
than the isoelectric point. The congo red molecule with two sul-
fonic groups ionizes easily even though in strong acidic solution
and then becomes a soluble congo red anion. Therefore, in the
acidic and neutral solution the congo red anions are close to the
surface of activated carbon particles or adsorbed on it with posi-
tive charges. These congo red anions can be oxidized directly by
oxygen in aqueous solution under microwave irradiation. Hence,
before pH 8.0, the results exhibited a high degradation ratio of
congo red. However, at higher pH values the congo red anions
were generally excluded away from the charged negatively sur-
face of activated carbon particles, so the degradation ratio began
to decrease. Furthermore, the reason that the degradation ratio
increased slightly in alkali solution may be the occurrence of
partial radical oxidation degradation. This is because a num-
ber of OH™ anions loss their electrons at high temperature and
transfer into *OH radicals which also have strong oxidation abil-
ity. Because the degradation ratio relates to the pH values in
solution, the treatment of some organic pollutants like congo
red dye should be carried out in the acidic or neutral solution
under microwave irradiation in the presence of activated carbon
powder.

3.8. Influence of used times of activated carbon powder on
the degradation ratio

As known to all, the important one for any catalyst is recycle.
Here, the catalytic activities of reused activated carbon powder
were also studied. It was found that the used activated car-
bon powder could be separated easily from the treated solution.
The used activated carbon powder was washed out and rehan-
dled adopting the pretreating method in experiment part, and
then reused in the new experiments with fresh congo red solu-
tion. As shown in Fig. 10, comparing with the new activated
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carbon powder, the catalytic activity of used activated carbon
powder became low gradually along with used times. Although
the declined extents became smaller and smaller after several
times and maintained a stable level, the catalytic activity wholly
decreased about 50% comparing with the new one. It was indi-
cated that the activated carbon itself could also be destroyed
synchronously to a certain extent during degradation of organic
pollutants under microwave irradiation. This process results in
the catalytic activities of reused activated carbon powder going
down considerably. Although a great number of organic pollu-
tants can be effectively mineralized under microwave irradiation
with activated carbon powder, the reclamation and reuse of it are
still an urgently solved problem for widely adopting this method
in practical application.

3.9. Principle on microwave degradation of congo red

In present, there are two popular points of view on the fact
that the microwave irradiation can accelerate the elimination of
organic pollutants in the presence of activated carbon, that is,
microwave-assisted oxidation and microwave-assisted adsorp-
tion. Although the investigation on the microwave degradation
in the presence of activated carbon powder has not been reported
too much yet, based on our studies we are inclined to the for-
mer. It was thought that the mechanism or process of microwave
degradation of organic pollutants in the presence of activated
carbon powder should be explained as the formation of “hot
spots” and oxidation combustion of organic pollutants. As shown
in Fig. 11, when the activated carbon particles as microwave
absorbent are irradiated by microwave, their uneven surfaces will
absorb these microwave energies, and a lot of “hot spots” form
synchronically. The temperature of these “hot spots” can ordi-
narily reach 1200 °C above. Due to the functions of both thermal
and non-thermal effects, not only the azo bonds of congo red can
be destroyed completely but also the naphthalene rings of it can
be degraded rapidly. According to the determination of TOC,
it is considered that this process is almost equal to oxidation
combustion of organic pollutants. CO; and H>O are given out
and various simple inorganic ions are also produced, so that the

congo red as well as intermediate products in aqueous solution
are degraded fully at last.

4. Conclusion

When the treated activated carbon powders are adopted as cat-
alyst and the microwave is used as irradiation source, the organic
pollutants like congo red in aqueous solutions can be degraded
rapidly and totally. In present work, the congo red as a model
compound was firstly degraded adopting the technology of
microwave irradiation integrated with activated carbon powder.
For a high degradation ratio of congo red the optimized con-
ditions were considered to be initial concentration of 50 mg/L
congo red, addition amount of 2.0 g/L activated carbon powder,
microwave irradiation of 800 W output power and 2450 kHz fre-
quency and pH 8.0. Under such conditions, the degradation ratio
couldreach 89.15% for 25 mL congo red solution within 1.5 min.
In addition, the degradation ratios reached 96.49% and 97.88%,
respectively, by appropriately increasing addition amount (e.g.
3.6 g/L) of activated carbon powder and prolonging irradiation
time (e.g. 2.5 min). Furthermore, the intermediate products in the
treated solution were not found through HPLC in the end. Oth-
erwise, the activated carbon powder as catalyst could be reused
through simple treatment. Thus, as a novel technology treat-
ing dyestuff wastewaters, the method of microwave irradiation
with activated carbon powder adopted as catalyst reveals many
advantages, such as complete and rapid degradation, low cost,
no intermediate products, no secondary pollution, and so on.
Maybe, it s fit for treating those wastewaters containing concen-
trated azo dyes. In conclusion, the research results demonstrate
the feasibilities treating dye wastewaters adopting the method
combining microwave radiation with activated carbon catalyst
in the future.
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